In a written answer in the House of Commons on February 3, the Minister of Aviation, Mr. R. Jenkins, stated that a conference, attended by all the Member States of the European Launcher Development Organization, met in Paris during January 19-21, to review the activities of the organization and to examine proposals for its future work. The cost of completing the first programmed launcher … would be higher than the original estimate, and a working group had been set up to consider the feasibility of using the technical results already achieved and the experience acquired by the organization to develop an advanced launching system making use of the most modern techniques. The system would continue to use Blue Streak as the first stage, and the Conference would be convened again later this year to review progress. From Nature 20 February 1965
Years Ago
In view of the shortage of fine chemicals which are used for research purposes, we thought it advisable to issue a circular to the principal laboratories in the kingdom asking for lists of chemicals not in immediate use, so that it would be possible to put the holders of such chemicals in touch with those chemists who were in urgent need of them. The replies which have been received so far have been in most cases to the effect that the holders wish to keep their own stocks in hand, but are willing to use our bureau for the purpose of purchasing others. As this attitude is one which entirely defeats the object with which the inquiry was started, may we direct the attention of chemists to the fact that it is impossible for them all to hold and to purchase at the same time.
From Nature 18 February 1915
A M Y C . R O S E N Z W E I G B acteria that consume methane gas (CH 4 ) to produce methanol (CH 3 OH) using dioxygen (O 2 ) must break two chemical bonds: the bond holding the two oxygen atoms together, and one of the extremely strong carbon-hydrogen (C-H) bonds in methane. Knowing how these bonds are broken is central to the development of biological processes for converting methane into liquid fuels. Such processes offer a possible way of dealing with the methane that is wastefully burned or leaked to the atmosphere as a result of the worldwide hydraulic fracturing (fracking) boom. On page 431 of this issue, Banerjee et al. 1 report the chemical structure of the molecular species that reacts with methane in the active site of one of the enzymes that converts methane to methanol, soluble methane monooxygenase (sMMO).
Abundant and cheap natural gas is composed primarily of methane, and is a crucial source of fuel and chemicals. Unfortunately, large quantities of natural gas extracted together with oil are burned at some fracking sites to the tune of gas worth US$100 million being wasted each month 2 . Moreover, some of this methane is vented into the atmosphere, where it acts as a potent greenhouse gas. The problem could be alleviated by converting the wasted gas into liquid fuel at fracking sites, but gas-to-liquid (GTL) conversion of methane requires large-scale, expensive 'Fischer-Tropsch' facilities that are not easily established.
An alternative that has attracted much attention is biological GTL conversion using either bacteria that oxidize methane or isolated forms of the bacteria's primary metabolic enzyme, methane mono oxygenase 3 (MMO). Small-scale biological GTL facilities could be deployed at remote or temporary locations, and offer advantages over Fischer-Tropsch plants because GTL conversion occurs at ambient temperature and pressure; by contrast, FischerTropsch chemistry requires high temperatures and pressures. But substantial increases in the rates of MMO reactions, as well as in the fractions of the carbon and energy present in methane that are converted to product (the carbon and energy efficiencies respectively) are necessary to create a viable technology 3 . Understanding the details of how MMOs work is germane to making such improvements.
There are two types of MMO: a membranebound, copper-containing enzyme 4 (known as pMMO) and a soluble, iron-containing enzyme (sMMO). The latter belongs to a large family of bacterial multicomponent mono oxygenases that use a pair of iron ions (a di nuclear iron centre) to oxidize hydro carbons, but it is the only member that can oxidize methane 5 . Extensive studies 6 over the past 20 years have worked out many details of the catalytic cycle of sMMO. First, the iron ions are reduced from the +3 oxidation state to the +2 state by a reductase protein. The dinuclear iron(ii) centre then reacts with dioxygen in the presence of an essential regulatory protein to form peroxodiiron(iii) intermediates. Next comes the key step: the oxygen-oxygen bond is cleaved, resulting in the formation of an intermediate called compound Q, which reacts with methane to break a C-H bond. Compound Q is then converted into a complex denoted T.
Compound Q has been investigated using a range of spectroscopic and computational approaches since it was first reported more than 20 years ago 7 . In 1997, Q was assigned a 'diamond core' structure consisting of two iron ions bridged symmetrically by two single oxygen atoms 8 . This structure was proposed on the basis of data acquired using a technique called 57 FeMössbauer spectroscopy, which indicated the presence of two iron(iv) ions occupying similar electronic and geometric environments, as well as X-ray absorption spectroscopic data that showed an unusually short iron-iron (Fe-Fe) distance (2.46 ångströms). However, computational work and studies of synthetic model compounds suggested longer Fe-Fe distances 6 (2.6 to 2.8 Å), casting doubt on the proposed structure. By the late 2000s, the tide began to turn towards another possible structure, an 'open core' containing a terminal Fe IV =O unit -a motif found in model compounds that can oxidize C-H bonds rapidly 9 , although not those in methane.
In principle, the true nature of Q could be determined by resonance Raman spectroscopy, which can detect molecular vibrations from the stretching of iron-oxygen bonds; the frequencies of such vibrations provide a
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Breaking methane
The most powerful oxidant found in nature is compound Q, an enzymatic intermediate that oxidizes methane. New spectroscopic data have resolved the long-running controversy about Q's chemical structure. See Letter p.431
This experiment is challenging, but the authors overcame the obstacles using a specially designed instrument.
finger print for how the iron and oxygen atoms are bonded. This experiment is challenging for several reasons. First, intermediate Q forms only transiently, so the spectrum must be acquired in a time-resolved fashion. Second, signals from Q are expected to be weak because solutions of sMMO can be prepared at only low concentrations for analysis, and because of other experimental difficulties.
Banerjee et al. overcame these obstacles using a specially designed and optimized Raman instrument. In their set-up, a continuous stream of the diiron(ii) enzyme was mixed with a second continuous stream of dioxygen-saturated buffer, and spectra were then acquired at different time points to capture the largest possible quantity of the short-lived Q. By comparing the spectra generated when both atoms in dioxygen were oxygen-18 isotopes ( 18 O 2 ) with those obtained using two oxygen-16 isotopes ( 16 O 2 ), they were able to isolate Q's vibration from the sea of other signals. A comparison of the frequency of this vibration with those observed for various iron-oxygen species in model complexes and enzymes gives only one match: the diamond core (Fig. 1) . Importantly, the vibration does not correspond to a terminal Fe IV =O species, as would be expected for an open core structure.
To probe how the apparent diamond core forms, Banerjee and colleagues conducted experiments using a mixed isotopic form of dioxygen (
16 O-18 O). They observed a new frequency in the spectrum of Q, which can be explained only by a diamond core that contains one 16 O and one 18 O atom, and which indicates that both atoms of dioxygen end up in Q. The spectra also reveal a vibration attributable to the product complex T, which contains one of the dioxygen atoms as a single unprotonated oxygen (an oxygen without a hydrogen atom attached) bridging the two iron ions. Further consideration of the results sheds light on how sMMO breaks the O-O bond to form intermediate Q. The data are most consistent with a mechanism in which the two electrons of the bond are distributed one to each oxygen atom (homolytic cleavage), although it is not possible to completely rule out a mechanism in which both electrons go to the same oxygen atom (heterolytic cleavage).
Further verification of the Q structure is now desirable, and might be obtained from high-level computational studies and additional spectroscopic work. Diiron diamond cores have been previously observed in model complexes that cannot oxidize meth ane 10 , so what is it about Q that enables methane oxidation? One possibility suggested by Banerjee et 
CLIMATE SCIENCE
The future of coastal ocean upwelling
An ensemble of climate models predicts that winds along the world's coasts will intensify because of global warming, inducing more ocean upwelling -a process that will affect the health of coastal marine ecosystems. See Letter p.390
A t the ocean surface, where light is abundant, microscopic photo synthetic phytoplankton are the primary producers of organic material and the main source of energy for the oceanic food web. Phytoplankton growth depends on essential nutrients, which are typically depleted at the ocean surface but abundant in the deep ocean. Upwelling ocean currents carry these nutrients to the surface and thus support marine life. On page 390 of this issue, Wang et al. 1 report that many climate models predict that coastal upwelling will intensify in three of the most productive marine ecosystems of the world: the Canary, Benguela and Humboldt Eastern Boundary Upwelling Systems (EBUSs). This result comes at a time when scientists are still debating the evidence supporting an increase in coastal upwelling, and its effects on coastal ecosystems and global carbon cycling.
Along the oceans' eastern boundaries, winds flowing along the coast drag surface waters out to sea. These displaced surface waters are replaced by water from lower down -the upwelling current. In 1990, the climate scientist Andrew Bakun realized that rising surface temperatures caused by the greenhouse effect would not be uniform: land will heat up faster than the ocean 2 ( Fig. 1) . Bakun proposed that this would create an ocean-land contrast in atmospheric pressure, which would drive stronger upwelling-favourable winds.
Wang and colleagues show that climatemodel projections for the year 2100 support ) are bridged by oxygen atoms. The numbered groups in black surrounding the diamond core are the side chains of amino-acid residues. H, histidine residues; E, glutamate residues.
